pH-sensitive radical-containing-nanoparticle (RNP) for the L-band-EPR imaging of low pH circumstances.
For the imaging of low pH circumstances in vivo, a pH-sensitive radical-containing-nanoparticle (RNP), which has an intense electron paramagnetic resonance (EPR) signal, was designed and developed using a self-assembling amphiphilic block copolymer (PEG-b-PCTEMPO) composed of a hydrophilic poly(ethylene glycol) (PEG) segment and a hydrophobic poly(chloromethylstyrene) (PCMS) segment in which the chloromethyl groups were converted to 2,2,6,6-tetramethylpiperidinyloxys (TEMPOs) via the amination of PEG-b-PCMS block copolymer with 4-amino-TEMPO. This RNP formed core-shell-type micelles in the physiological environment, and the cumulant average diameter of the RNP was about 50 nm. The cytotoxicity and acute toxicity studies for the RNP revealed that the median inhibitory concentration (IC(50)) of TEMPO radicals in RNP core and median lethal dose (LD(50)) of RNP were >8 mmol N(TEMPO)/L and >600 mg/kg (>960 mumol N(TEMPO)/kg), respectively, indicating fairly low toxicity. The blood circulation of the RNP was evaluated using ICR mice. Contrary to the rapid clearance of low-molecular-weight TEMPO derivatives such as 4-hydroxy-TEMPO (TEMPOL) from the bloodstream, the EPR signal of the RNP remained for a fairly long period of time. Actually, the signal was observed in the blood for more than 2 h, as monitored by EPR spectroscopy. The compartmentalization of the TEMPO radicals in the RNP core improved the stability in the bloodstream. Since an amino group was introduced in each repeating unit of the PCTEMPO segment, the disintegration of the RNP was caused by the protonation of the amino groups in response to the acidic pH environment (pH < 6.0), as confirmed by the dynamic light scattering (DLS) measurements. In addition, a drastic change in the EPR spectra from broad to sharp triplet was observed, accompanying the disintegration. This change was based upon the mobility of the TEMPO moieties covalently conjugated in the hydrophobic segment, which was confirmed by the rotational correlation time of the TEMPO moieties on the PCTEMPO segment. Note that the peak intensity of the EPR signal increased at around the phase transition point (ca. pH = 6.0). When pH-sensitive RNP solutions at pH values 5.6 and 7.4 were visualized using an L-band EPR imaging system, the phantom images showed a remarkable on-off regulation in response to the acidic pH environment. These results demonstrate that pH-sensitive RNPs are expected to serve as nanoprobes for the in vivo EPR imaging of low pH circumstances.